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$EVWUDFW²+,)8 LV D QRQLQYDVLYH DFRXVWLF WKHUDSHXWLF
WHFKQLTXH WKDW XWLOL]HV KLJK LQWHQVLW\ DFRXVWLF ILHOG LQ WKH
XOWUDVRXQG IRFXV WR NLOO WKH WDUJHWHG WLVVXH IRU GLVHDVH
WUHDWPHQW SXUSRVH 7KH IHDVLELOLW\ RI PRQLWRULQJ DQG JXLGLQJ
+,)8 WUHDWPHQW XVLQJ WKH RSWLFDO SURSHUW\ FKDQJH LQ WKH
VXSHUILFLDODUHDRIELRORJLFDOWLVVXHLVH[SORUHG([YLYRERYLQH
OLYHU WLVVXH ZDV WUHDWHG XVLQJ GLIIHUHQW +,)8 GRVHV VDPH
HQHUJ\OHYHOIRUVVVVLQWKLVUHVHDUFK7KH'VWUXFWXUH
YROXPHDQGHODVWRJUDPZHUHDFTXLUHG LQ WKH OHVLRQDUHDDIWHU
+,)8 WUHDWPHQW7KH2&7VWUXFWXUH LPDJHV FOHDUO\ VKRZ WKH
ERXQGDU\RI+,)8OHVLRQDUHDDQGVXUURXQGLQJQRUPDOWLVVXH
HYHQ IRU V WUHDWPHQW WLPH ZKLFK DJUHH ZHOO ZLWK WKH
HODVWRJUDSK\ UHVXOWV 7KH DYHUDJH 2&7 VLJQDO LQWHQVLW\ DQG
2&7 VLJQDO DWWHQXDWLRQ UDWLR LQ WKH OHVLRQ DUHD JURZV DV WKH
WUHDWPHQW WLPH LQFUHDVHV&RPELQHGZLWK2&7 QHHGOH SUREH
WKHSURSRVHGPHWKRGKDVDODUJHSRWHQWLDOQRWRQO\WREHXVHG
IRU VXSHUILFLDO GLVHDVHV WUHDWPHQW PRQLWRULQJ EXW DOVR WR EH
XVHG IRU KLJKSUHFLVLRQGHPDQGHG GLVHDVHV WUHDWPHQW
PRQLWRULQJHJQHUYRXVGLVHDVHWUHDWPHQWPRQLWRULQJ




+,)8 LV D QRQLQYDVLYH DFRXVWLF WKHUDSHXWLF WHFKQLTXH
WKDW XWLOL]HV WKH KLJK LQWHQVLW\ DFRXVWLF ILHOG LQ WKH IRFXV WR
NLOO WKH WDUJHWHG WLVVXH IRU WKHSXUSRVHRIGLVHDVH WUHDWPHQW
7KHLQWHQVLW\DW+,)8IRFXVW\SLFDOO\FDQUHDFK
:FP ZKLFK LV DERXW IRXU WR ILYH RUGHUV RI PDJQLWXGH
KLJKHU WKDQ WKH LQWHQVLW\ XVHG LQ WKH GLDJQRVWLF XOWUDVRXQG
HJ :FP >@ 7KH W\SLFDO VKDSH RI +,)8 IRFXV LV D
µFLJDU¶VKDSHZKLOHWKHVL]HRIWKHIRFXVLVGHWHUPLQHGE\WKH
JHRPHWU\ RI WKH WUDQVGXFHU >@ 7KHUPDO DQG PHFKDQLFDO
HIIHFWV RI +,)8 EHDP DUH SULQFLSDOO\ UHVSRQVLEOH IRU WKH
WKHUDSHXWLFHIIHFWV7KHUPDOHIIHFWVRI+,)8RFFXUZKHQWKH
WLVVXH WHPSHUDWXUH LV RYHU  & IRU DW OHDVW  V FDXVLQJ
LUUHYHUVLEOH WLVVXH GHDWK WKURXJK FRDJXODWLYH QHFURVLV >@
0HFKDQLFDO HIIHFWV RI +,)8 LQFOXGH UDGLDWLRQ SUHVVXUH
DFRXVWLF VWHDPLQJ DQG FDYLWDWLRQ $OO RI WKHVH FDXVH WLVVXH
GLVUXSWLRQV E\ KLJK DPSOLWXGH SUHVVXUH RVFLOODWLRQV DQG
UHVXOWLQJ LQ WLVVXH GHDWK DIWHU UXSWXUH RI FHOO DQG QXFOHDU
PHPEUDQHV >@ +,)8 KDV DOUHDG\ EHHQ XVHG FOLQLFDOO\ WR





FKRRVH DQ RSWLPXP PHWKRG IRU WUHDWPHQW PRQLWRULQJ DQG
JXLGDQFH $W SUHVHQW +,)8 WUHDWPHQW LV HLWKHU JXLGHG E\
XOWUDVRXQG RU PDJQHWLF UHVRQDQFH LPDJLQJ 05, ,Q
XOWUDVRXQG LPDJLQJ JUH\VFDOH FKDQJH FDXVHGE\ FDYLWDWLRQ
LVXVHGDVDQ LQGLFDWLRQRIDEODWLRQ:KLOH LQ05, LQGLUHFW
05, WKHUPRPHWU\ LV XVHG WR LQGLFDWH WKH ORFDWLRQ RI+,)8
IRFXV >@ 8OWUDVRXQG LPDJLQJ KDV WKH DGYDQWDJHV RI UHDO
WLPHDQGFRVWHIILFLHQW+RZHYHU LWDOVRKDV WKHSUREOHPRI
ORZ FRQWUDVW EHWZHHQ +,)8 OHVLRQ DQG VXUURXQGLQJ WLVVXH
05, LPDJLQJ KDV KLJK FRQWUDVW EHWZHHQ +,)8 OHVLRQ DQG
QRUPDO WLVVXHZKLOH WKH H[SHQVHV IRU05, LPDJLQJ LV KLJK
>@ ,W DOVR UHTXLUHV 05, FRPSDWLEOH +,)8 GHYLFHV 7KH
VSDWLDO UHVROXWLRQ IRU ERWK JXLGDQFH PHWKRG LV XS WR
PLOOLPHWUH ZKLFK LV QRW KLJK HQRXJK WR LPDJH DQG JXLGH
+,)8WUHDWPHQWRQVPDOODUHD VL]HDW VXEPLOOLPHWUH OHYHO
LQ WKH HDUO\ VWDJH RI GLVHDVH GHYHORSPHQW 7KXV D KLJK
VSDWLDO UHVROXWLRQ KLJK FRQWUDVW DQG FRVWHIILFLHQW ZD\ LV
GHPDQGHGWRPRQLWRU+,)8WUHDWPHQWUHDOWLPHO\
2SWLFDO FRKHUHQFH WRPRJUDSK\ 2&7 LV D ZHOO
HVWDEOLVKHG QRQFRQWDFW DQG QRQLQYDVLYH LPDJH PRGDOLW\
WKDW XWLOL]HV WKH GLIIHUHQFH RI RSWLFDO SURSHUWLHV VFDWWHULQJ
DQG DEVRUSWLRQ LQVLGH ELRORJLFDO WLVVXH WR UHYHDO WKH
DQDWRPLFDOLQIRUPDWLRQRIWKHWLVVXH&RPSDUHGWRXOWUDVRXQG
DQG05, LPDJLQJ 2&7 KDV EHWWHU VSDWLDO UHVROXWLRQ XS WR
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VXLWDEOH IRU PRQLWRULQJ +,)8 WUHDWPHQW RQ WKH VXSHUILFLDO
DUHDRIWKHVDPSOH
,Q WKLV VWXG\ WKH IHDVLELOLW\ RI PRQLWRULQJ DQG JXLGLQJ
+,)8 WUHDWPHQW XVLQJ WKH RSWLFDO SURSHUW\ FKDQJH LQ WKH
VXSHUILFLDO DUHD RI ELRORJLFDO WLVVXH LV H[SORUHG ([YLYR
ERYLQH OLYHU WLVVXHZDV WHVWHG LQ WKLV VWXG\'LIIHUHQW+,)8
GRVHVVDPHHQHUJ\OHYHO IRUVVVVZHUHDSSOLHGRQ
WKH VDPSOHV2&7%PRGH LPDJLQJZDV XVHG WR LPDJH WKH
OHVLRQGXULQJ+,)8WUHDWPHQW LQD'ZD\FURVVVHFWLRQDW
+,)8OHVLRQFHQWHUDQGDIWHU+,)8WUHDWPHQWLQD'ZD\
7KH +,)8 OHVLRQ DUHD ZDV WKHQ HYDOXDWHG EDVHG RQ 2&7
VLJQDO LQWHQVLW\ LQ WKH VWUXFWXUH LPDJH )XQFWLRQDO LPDJLQJ
HJ RSWLFDO FRKHUHQFH HODVWRJUDSK\ ZDV DOVR HPSOR\HG WR
HYDOXDWHWKHORFDWLRQRI+,)8OHVLRQ7KHUHVXOWVIURP2&7
%PRGHLPDJHZHUHWKHQFRPSDUHGZLWKWKDWIURPIXQFWLRQDO






VKRS RQ WKH VDPH GD\ RI VDFULILFHZDV XVHG DV VDPSOHV LQ








7KH VLJQDOHOHPHQW +,)8 WUDQVGXFHU HPSOR\HG LQ WKLV
VWXG\ZDVGHVLJQHG DQGPDQXIDFWXUHGE\&KRQJTLQJ+,)8
&KLQD 7KLV +,)8 WUDQVGXFHU  0+] ZRUNLQJ
IUHTXHQF\  PP DSHUWXUH a PP IRFDO OHQJWK ZDV IXOO\
FKDUDFWHUL]HGEHIRUHWKHH[SHULPHQW'QRUPDOL]HGSUHVVXUH
ILOHGPDSVDQGRXWSXWDFRXVWLFSRZHURIWKLVWUDQVGXFHUZHUH
VKRZQ LQ )LJ$ % ' QRUPDOL]HG SUHVVXUH ILHOG PDS
)LJ$ ZDV PHDVXUHG E\ D  PP UDGLXV K\GURSKRQH
7KH IRFDO ]RQHZDV LQ D µFLJDU¶ VKDSH DQG WKH G% IRFXV
VL]HZDVPHDVXUHGWREHPPLQGLDPHWHU)LJ%7KH
RXWSXWDFRXVWLFSRZHUZDVFDOLEUDWHGE\DQDFRXVWLFUDGLDWLRQ





PRQLWRULQJ WLVVXH RSWLFDO SURSHUW\ FKDQJH GXULQJ +,)8
WUHDWPHQW LQ WKLV SDSHU 7KH 6'2&7 V\VWHP FRQVLVWV RI D
EURDGEDQG ODVHU VRXUFH  QP FHQWUDO ZDYHOHQJWK a
QP EDQGZLGWK  P: SRZHU D  EHDP VSOLWWHU D
VWDWLRQDU\ UHIHUHQFH DUP D VDPSOH DUP ZLWK ' VFDQQLQJ
V\VWHP DQG D KLJKVSHHG VSHFWURPHWHU OLQHVFDQ FDPHUD
 N+] VDPSOLQJ IUHTXHQF\  V H[SRVXUH WLPH 
HFRXQW VHQVLWLYLW\ 7KH D[LDO DQG ODWHUDO VSDWLDO

)LJ $ 1RUPDOL]HG SUHVVXUHG ILHOG RI +,)8 WUDQVGXFHU % 3UHVVXUH
SURILOH G% LQ FHQWUH IRFXV ZLWK  G% ZLGWK WR EH  PP & 7KH
UHODWLRQVKLS EHWZHHQ WKH VSDWLDO DYHUDJH WLPH DYHUDJH DFRXVWLF LQWHQVLW\ DW
IRFXVDQGSUHDPSOLILHGGULYLQJYROWDJH
UHVROXWLRQ RI WKLV V\VWHP LQ WKH VDPSOH ZDV a P DQG
aP UHVSHFWLYHO\7KH LQWHQVLW\RIEDFNVFDWWHUHG OLJKW
IURP GLIIHUHQW GHSWKV RI WKH VDPSOH FDQ EH HYDOXDWHG IURP
WKH VSHFWUDO LQWHUIHURJUDP IRUPHG E\ WKH OLJKW IURP
UHIHUHQFH DQG VDPSOH DUP XVLQJ DQ LQYHUVH )RXULHU
7UDQVIRUP >@ 7KH PRWLRQ LQIRUPDWLRQ D[LDO
GLVSODFHPHQW LQVLGH VDPSOH DORQJ RSWLFDO D[LV DW D JLYHQ










DUH VKRZQ LQ )LJ 7KH +,)8 WUDQVGXFHU GULYHQ E\ D
IXQFWLRQ JHQHUDWRU DQG D 5) SRZHU DPSOLILHU ZDV SODFHG
XQGHUQHDWKWKHVDPSOHDQGIRFXVHGXOWUDVRXQGEHDPLQWRWKH
VXSHUILFLDODUHDRIWKHVDPSOHHJP EHORZVDPSOH
VXUIDFH 7KH 6'2&7 V\VWHP ZRUNLQJ DW UHDOWLPH%VFDQ
PRGH ZDV SODFH DERYH WKH VDPSOH VXUIDFH WR PRQLWRULQJ
VDPSOHRSWLFDOSURSHUW\FKDQJHGXULQJ+,)8WUHDWPHQW
7KH RSWLFDO FRKHUHQFH HODVWRJUDSK\ H[SHULPHQW FURVV
YDOLGDWLRQ SXUSRVH ZDV DOVR SHUIRUPHG XVLQJ WKH VDPH
VHWXS +RZHYHU WKH +,)8 WUDQVGXFHU ZDV ZRUNLQJ DW ORZ
HQHUJ\OHYHOWRLQGXFHVKHDUZDYHSXVKRQO\'HJDVVHGZDWHU
ZDV SXW VXUURXQGHG VDPSOH WR UHGXFH WKH XOWUDVRXQG
UHIOHFWLRQRQWKHVDPSOHHGJH$WKLQOD\HURIXOWUDVRXQGJHO
ZDV SXW RQ WKH VDPSOH VXUIDFH WR VXSSUHVV VXUIDFH ULSSOH
DUWLIDFWV LQ2&7SKDVH LPDJH >@7KH6'2&7V\VWHP LQ
WKLV H[SHULPHQWZDVZRUNLQJ DW0% VFDQPRGH WR FDSWXUH
WKHSURSDJDWLRQRILQGXFHGPHFKDQLFDOZDYH
7KH WUDQVGXFHU GULYLQJ VLJQDO ZDV D  P9SS
FRQWLQXRXV VLQH ZDYH DW  0+] IRU +,)8 WUHDWPHQW
PRQLWRULQJ H[SHULPHQW DQG D P9SS EXUVW VLQHZDYH




VLJQDO ZLWK  F\FOHV SHU SXOVH DW  0+] IRU RSWLFDO
FRKHUHQFHHODVWRJUDSK\H[SHULPHQW
7KH GDWDVHW DFTXLUHG IURP 2&7 V\VWHP IRU +,)8
WUHDWPHQWPRQLWRULQJH[SHULPHQWZDVD'VWUXFWXUHYROXPH
RI OHVLRQ DUHD7KH VL]HRI WKH ' YROXPHZDV SL[HO
GHSWKD[LDOî%VFDQV\D[LVî$VFDQV[D[LV
FRUUHVSRQGLQJWRWKHLPDJLQJDUHDRIPPGHSWKî 
PP \ D[LV î PP [ D[LV 7KH GDWDVHW DFTXLUHG IRU
RSWLFDO FRKHUHQFH HODVWRJUDSK\ H[SHULPHQW ZDV WKH VKHDU
ZDYH SURSDJDWLRQ DFURVV WKH OHVLRQ 2QH FRPSOHWH ZDYH
SURSDJDWLRQGDWDVHW0%VFDQZDVSL[HOGHSWKD[LDO
î  0VFDQV ODWHUDO î  $VFDQV WLPH IUDPHV
FRUUHVSRQGLQJ WR WKHPPîPPî PV GHSWKî
ODWHUDOGLVWDQFHî WLPH+RPHEXLOW/DE9,(:SURJUDPZDV
XVHG IRU DOO GDWD DFTXLVLWLRQ $PLUD DQG 0$7/$% ZHUH
HPSOR\HG IRU ' VWUXFWXUH GDWD DQGZDYH SURSDJDWLRQ GDWD
SRVWSURFHVVLQJ UHVSHFWLYHO\ 7KH HODVWRJUDP ZDV
UHFRQVWUXFWHG XVLQJ FURVVFRUUHODWLRQ EDVHG WLPHRIIOLJKW
PHWKRG>@
,,, 5(68/76 
7KH ' UHFRQVWUXFWLRQV RI ERYLQH OLYHU WLVVXH ZLWK DQG
ZLWKRXW +,)8 WUHDWPHQW DUH VKRZQ LQ WKH OHIW FROXPQ RI
)LJ$7KH VL]H RI UHFRQVWUXFWHG UHJLRQZDV PP î
PPOHQJWKîZLGWK7KHSURWUXGHGVDPSOHVXUIDFHZDV
FDXVHG E\ WKH DFRXVWLF UDGLDWLRQ IRUFH GXULQJ WKH +,)8
WUHDWPHQW ,W LV REYLRXV WKDW WKH +,)8 OHVLRQ H[SDQGV ZLWK
WKH LQFUHDVHRI+,)8 WUHDWPHQW WLPH7KH VL]HRI SURWUXGHG
OHVLRQLVGLUHFWO\HVWLPDWHGIURPWKH'UHFRQVWUXFWLRQVWREH
a PP a PP a PP IRU V V DQG V
+,)8WUHDWPHQWUHVSHFWLYHO\
7KH JUD\VFDOH 2&7 %PRGH VWUXFWXUH LPDJHV LQ WKH
PLGGOHRIQRUPDOWLVVXHDQGDWWKHOHVLRQFHQWUHDUHVKRZQLQ
WKHPLGGOHFROXPQRI)LJ$7KHOHVLRQDUHDVDUHGHQRWHG
E\ UHG FLUFOHV GDVKHG LQ WKHVH ILJXUHV 7KH FRUUHVSRQGLQJ
HODVWRJUDPV DUH VKRZQ LQ WKH ULJKW FROXPQ RI )LJ$ LQ
FRORXUVFDOH 7KH VWUXFWXUH LPDJHV FOHDUO\ VKRZV WKH
ERXQGDU\ RI OHVLRQ DUHD EULJKW DQG VXUURXQGLQJ QRUPDO
WLVVXH GDUN IRU GLIIHUHQW +,)8 WUHDWPHQW WLPH 7KH
LQFUHDVLQJWUHQGRI2&7VLJQDOLQWHQVLW\DQGOHVLRQVL]HZLWK
WKH LQFUHDVHRI+,)8 WUHDWPHQW WLPH LV DOVR VKRZQ LQ WKHVH
VWUXFWXUH LPDJHVZKLFK DJUHHVZHOOZLWK WKH FRUUHVSRQGLQJ
HODVWRJUDPVRQWKHULJKW
7KHDYHUDJH2&7VLJQDOLQWHQVLW\GHSWKFXUYHLQQRUPDO
WLVVXH DQG+,)8 OHVLRQ VKRZQ LQ )LJ % LQ OLQHDU VFDOH
DQG)LJ&LQORJVFDOHZDVREWDLQHGE\DYHUDJLQJ$OLQHV
DFURVV QRUPDO WLVVXH DQG OHVLRQ DUHD 7KH 2&7 VLJQDO
LQWHQVLW\ LQFUHDVHV OLQHDUO\ IRU +,)8 WUHDWPHQW WLPH RI V
QRUPDOWLVVXH WRVIRUVWR
 IRU V EXW RQO\ LQFUHDVHV VOLJKWO\ DIWHU V ZKLFK
PHDQV WKH VFDWWHULQJ FRHIILFLHQW RI WKH VDPSOH OHVLRQ DUHD
VWDUWV WR UHDFK LWV XS OLPLW DIWHU V )LJ' $IWHU






OHVLRQ WR V OHVLRQ IURP  G%PP WR  G%PP
)LJ' ZKLFK DOVR UHGXFH WKH SHQHWUDWLRQ GHSWK LQ WKH
VDPSOHDIWHU+,)8WUHDWPHQWIRUORQJHUWLPH)LJ&
,9 ',6&866,21
,Q RXU H[SHULPHQWDO VHWXS WKH GULYLQJ VLJQDO RI +,)8
WUDQVGXFHU IRU WUHDWPHQW ZDV D  P9SS FRQWLQXRXV
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